The results are given of a questionnaire study to determine the range of difficulties that doctors notice in their work due to congenital colour vision deficiency (CCVD). The study is primarily qualitative. A questionnaire was sent to 40 self-selected doctors, 35 of whom were general practitioners (GPs). All were administered a number of colour vision tests to assess the type and severity of their deficiency. Many difficulties and some ways of overcoming them were reported. Those with a mild deficiency reported fewer difficulties and this relationship was significant. Twenty-three of the doctors also reported difficulties as medical students and their answers are given verbatim. The results are discussed in relation to other studies and data on colour vision. The reasons for and against screening medical students for this deficiency are considered and it is concluded that there is a strong case for screening.
INTRODUCTION
The screening of medical students for congenital colour vision deficiency (CCVD) is practised in only one university in the United Kingdom (UK) l and is rare or not practised at all in other Western countries. It is more widely practised in the Far East. For example, medical students are screened for colour vision deficiency in all universities in Taiwan. (Personal communication, HweiZu Wang, Kaohsiung Medical College.)
A number of papers have been published about the difficulties medical students and doctors with CCVD have in their work. There have been four published accounts by doctors of their own experiences, 2 
"
5 and a few studies of the effects on clinical and laboratory skills. 6 
11 These give evidence of performance failures in the direct inspection of colorimetric tests and in histology. A review article gives a full account of the literature and discussed other likely effects on performance. 12 Colour vision theory suggests that difficulties are to be expected for the range of colours encountered in
Correspondence and reprint requests to: J. A. B. Spalding, 5, Curzon Road, Weybridge, Surrey, KT13 8UW, UK. medicine. 13 ' 14 Ways of overcoming difficulties have been reported but it must be realized that many doctors will not be aware of the severity of their condition and a few will not know they have any deficiency.
The prevalence of CCVD in Caucasians is 8% for men and 0.4% for women. 15 Evidence indicates that the prevalence is the same in the medical profession, 
<
16~18 so it is likely that in 1995 there were about 5,800 doctors in practice in the UK with CCVD. 19 " 22 This paper reports on the previously published findings of a questionnaire study of the difficulties in clinical practice of 40 doctors with CCVD who were tested for its type and severity. 23 It then gives the previously unpublished answers in the questionnaire of 23 of these doctors about their experiences as medical students due to CCVD.
The terminology for CCVD used in this article is that of the visual scientist. The confusion of colours for both the common congenital deficiencies is across virtually the whole of the spectrum so that the more commonly used terms 'red' and 'green' for these deficiencies gives a false impression. Protan refers to all those with a shortwave ('red') deficiency, deutan to those with a middlewave ('green') deficiency. They confuse largely the same colours. Dichromats (protanopes and deuteranopes) have two instead of the normal three cone photopigments for colour. Anomalous trichromats (protanomalous and deuteranomalous) have three, usually only one of which is abnormal.
MATERIALS AND METHODS
Forty-two doctors responded to requests for study participants published in medical journals and all completed a questionnaire by post. 23 A battery of colour vision tests were administered to 40 subjects, either in university departments of optometry and visual science or during a visit by the author.
The questionnaire contained a total of 37 questions and they concerned the subjects' knowledge of their deficiency and difficulties due to it in everyday life and in medicine. The medical questions were as follows: 'Concerning difficulties in medical practice, or as medical students, due to the defect, did you have any in the following? If so, describe them briefly.' They were guided by the following headings: Paediatrics, General Medicine, Surgery, Dermatology, Infectious Diseases, Otoscopy, Ophthalmology, Mouth and Throat, Reading Test Results and Charts. The term 'difficulty' was given a meaning based on the dictionary definition: 'Any problem believed to be caused by the deficiency, whether or not it was overcome. ' The colour vision tests used and the numbers given them were: Ishihara (39), City University (33), Farnsworth D15 (22) , Farnsworth Munsell 100-hue (22) , Nagel Anomaloscope (18), Pickford-Nicholson Anomaloscope (2) and American Optical HRR (6) . 23 The Ishihara test excludes those without a deficiency and tests for type, but not severity. The other tests are used for testing for type and severity, and are found mainly in university departments of optometry and visual 24 science.
RESULTS
The demographics of the study population were as follows: male, 38; female, two; mean age, 48.3 years; general practitioners, 35; specialists, five; retired, nine.
The severity of deficiency for all doctors (n = 40) was: severe, 22; moderate, 11; slight, seven; and for those reporting student experiences (« = 23) was: severe, 12; moderate, eight; slight, three. The type of deficiency for all doctors (n = 40) was deutans, 33 (severe, 17; moderate, 10; slight, six) and protans, seven (severe, five; moderate, one; slight, one). Table 1 gives the range of difficulties experienced by the 40 doctors. Table 2 relates the type and severity of deficiency to the number of difficulties and to the significance given to them by the 40 doctors.
Difficulties
The difficulties of the 23 doctors who gave accounts of difficulties as medical students were: Microscopy, 12 (histology, 9; bacteriology and parasitology, 5; haematology, 2). Chemistry, 7 (end-points and colour changes, 5; spectroscopy, 1; flame photometry, 1). Clinical examination, 7 (general, 4; cyanosis, 1; dermatology, 1; erythema, 1). Teaching methods, 7 (blackboard, diagrams and charts, overhead projectors). Test-strips, 2 (Albustix, Multistdx) Physiology, 1 (experiment in red light). Table 1 . Difficulties reported In medical practice and as students (n = 40)
Subject n
Widespread body colour changes: pallor (12), cyanosis (9), 26 Jaundice (3), cherry-red (2) Dermatology/rashes/erythema of skin (6) 25 Charts (13), slides (5), prints (2), codes (4) 24 Test-strips for blood and urine 22 Ophthalmology: disc pallor (3), diabetic changes (2), 18 haemorrhage vs. pigment (1), glaucoma (1), haemorrhage in anterior chamber (1), Kayser-Flelscher rings (1), others (9) Body products: blood or bile in urine, faeces, sputum, vomit 18 Otoscopy: the Inflamed drum (8) Doctors wtth a slight deficiency reported significantly fewer difficulties than those with moderate and severe deficiencies combined Ip < 0.032, n a 40, Mann-Whitney). Doctors were classified as giving major significance to their deficiency if they commented that they believed they should not practise In certain specialities. Those mentioned were: histology, naematology, bacteriology, surgery, pathology, dermatology, anaesthetics and retinal work in ophthalmology. No doctor questioned his ability to conduct general practice work. For doctors with moderate and severe deficiencies most reported many difficulties and gave them major or some significance; a few reported no or few difficulties and gave them no or little significance (see Discussion).
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Overcoming difficulties Seventeen subjects overcame difficulties by close observation or cross-checking -they specified looking, touching, doing special investigations and giving attention to lighting. Only one GP specified that he used a meter for colorimetric tests. Seven asked help of others and four said they gave special attention to the history. 
Verbatim comments on time

Protanope (dichromat) (severe) 'My impression is mat if
the doctor is aware of his defect he will function satisfactorily, but the problem arises in teaching. I suppose the big landmarks for me regarding difficulties with colour vision were as a second year undergraduate trying to make sense of histology slides and wondering whether my defective colour vision was part of the problem with the various colour stains used. The next stage in clinical work was at about fourth year of the six year course when we were "exposed to patients" and great emphasis was put on cardiac disease. At that time I had great uncertainty about degree of cyanosis in these patients.'
4. Deuteranomcdous trichromat (moderate) 'In medicine the medical student will find in physics classes that he can make little of spectroscopy. He will not be able to use the method. In histology eosin stains will be hard to see. The red/green blind student may for long see only the blue stained nucleus and think that is the whole cell. In haematology the eosin granulocytes are hard to see, and in bacteriology the mycobacterium tuberculosis stained by the Ziehl-Neelsen method is faindy seen and not easily located. 23. Protanope (dichromat) (severe) 'In lectures I cannot see red chalk on the blackboard beyond a distance of about 10 metres, and therefore, if this might be a problem, I always sit near the front. The first lecture day I was at medical school sitting in the back of the room in front of 120 people I asked the lecturer not to use red chalk because (so I thought) the reflection of the blackboard was making it difficult for me to see. 119 people turned round to look at me as though I was mad!' At grammar school I was always in a small class room, and therefore I had never had the problem before then. At lectures I sit at the front' DISCUSSION It is likely that some of the doctors who took part in this study were above-average observers. John Dalton typifies such individuals: a deuteranope, 2S he gave an account (1798) 26 of observations due to his deficiency open to many but largely undescribed before. The accuracy of some of his observations has recently been tested and confirmed. 25 In addition, as doctors, all respondents were trained to observe signs in medicine. These two factors may help to compensate for the self-selection and the time interval between the respondents' experiences as students and their reporting.
Deuteranomalous trichromat (slight) 'I had difficulties seeing the end-points of titrations in chemistry (6th Form). Had difficulties in histology and bacteriology especially seeing M. tuberculosis (5di year student).'
Deuteranomalous trichromat (slight)
Teachers may respond with surprise to the many difficulties reported by these doctors. They should, however, bear in mind that those with this deficiency (1) often use cues effectively to decide colour so that the handicap is not obvious and (2) are usually unable to appreciate all its effects and so fail to communicate them to others. The latter probably derives largely from childhood experiences when they were badly advised 27 and misunderstood 28 as a result of their deficiency. The evidence submitted by these 40 doctors about the characteristics and experience after qualification (Table  2) is discussed in more detail in an earlier paper. 23 It shows that doctors with a slight deficiency reported significantly fewer difficulties as compared with those with moderate and severe deficiencies taken together (p = 0.032, Mann-Whitney). There was a divergence in the number of difficulties reported by the doctors with both moderate and severe deficiencies in that most reported many difficulties and a variety of ways of overcoming them, but a small group reported no or very few difficulties and seldom reported methods of overcoming them. This points to the likely conclusion that they did not notice their observational failures -a conclusion which is in keeping with the reporting of difficulties in everyday life by the general population. 29 One outstanding finding is that not one of the 40 doctors reported being given any help or advice concerning their deficiency by a medical teacher. Only one respondent reported receiving help from an examiner during a histology examination. In addition the advice they were given when tested for the CCVD was virtually always of a very limited nature.
Microscopy, clinical examination and teaching methods were the most common areas of difficulty reported in respect to medical student experience. Some of the comments, even when considered in isolation, seem to be highly significant One physician discovered his moderate deficiency only six years after qualification; yet, later in his career he reported many difficulties in medical practice which he considered important. The question then follows: how was he performing in the intervening years? Another, a trainer GP, teaches his students with the deficiency about how to avoid errors. A student who was unable to read writing in red chalk on a blackboard reported that no one, whether teacher or student, offered an obvious explanation for his difficulty. Only three doctors' comments of their experience in practice implied 'What am I missing?' But to how many others does this apply?
Failures of observation for those with CCVD have already been demonstrated for students in practical chemistry 6 and microscopy, 8 for histopathologists, 11 and for patients using colorimetric tests for blood and urine samples, 32 * 33 and these would be expected to have an effect, where relevant, on the care of patients. The direct observation of the patient in respect to physical signs has received little study. An effect of errors here on the care of the patient would be difficult to establish because of the complexity of decision-making in medicine. 30 This difficulty of demonstrating that CCVD is the cause of errors is a problem discussed by Cole for accidents in transport. 31 But the concept of the pivotal observation may be important here -that is, a single observation which must not be missed if the correct course of action is to be taken. What is in the vomit: spinach, bile or blood, or more than one of these? The devil is in the detail! The problem may be greater for the GP than the specialist because he is less able to control the conditions of observation or ask for help, for example when visiting a patient at home in poor lighting.
When, in addition, it is realized that many doctors do not know the severity of their condition and tend to assume it is slight, and a few, as in the general population, do not know they have any disability 13 ' 23 it is clear that the problem needs attention.
One study participant (a GP with deuteranopia 23 ) summed up the situation: 'I did a year in pathology and did not realize that stains showed different tissues -no one told me. My eyes pick up very fine detailed physical features of rashes, etc. I feel this and body language are major advantages I have obtained. I frequently ask my colleagues for advice, especially over rashes and fevers, etc. and the chance of a red ear or throat. I feel very vulnerable at the end of a busy surgery. I believe there are times when the patients describe red rashes and the nurses point to invisible dots. I cannot believe that I was guided to two careers which depend heavily on colour, e.g., pathology and dermatology. The profession offers no guidance . . . ' Clearly the case for screening medical students for CCVD together with tests for severity have to be considered. Some advantages of screening and further testing are as follows: (1) it enables the student and later the doctor to become aware of limitations in their powers of observation and devise ways of overcoming them; (2) as a result confidence may be gained and anxiety avoided; (3) an informed choice of career can be made; (4) the patient is protected from harm and (5) litigation may be avoided when doctors have adapted their practice to their deficiency.
Some disadvantages of screening are: (1) the student's and the doctor's autonomy is limited by a paternalistic approach; (2) the time and cost of administrating such a service; (3) a period of confusion and anxiety is likely while the profession and the public absorb its significance. 'All the fuss' is how one doctor described it; (4) the Genera] Medical Council and examining bodies will be presented with the problem of deciding on professional competence in certain specialities. Because of the wide range of specialities, the question of exclusion from the profession need hardly arise and (5) litigation may be encouraged when the public becomes aware of this possible cause of error.
The screening of children by the school health service is not a solution to this problem. In the UK there is a trend away from universal screening for CCVD toward selective health checks and fewer people are now being screened. (Personal communication, J. C. Read, 1996, Department of Health, London). In any case this service relies largely on the Ishihara test which does not assess severity and is administered at too young an age for specific advice to be given.
The responses of medical students to new information should also be considered. With increasing experience doctors tend to make more use of intuition when making decisions, while medical students are more likely to use analysis. 30 The students are therefore at a stage when they would be relatively open to advice about their CCVD and its effects on their work.
In the author's opinion the likelihood of errors and the need to prevent harm to patients must take priority in this issue; in the light of this and in consideration of the information given here and elsewhere, the case for screening is strong.
